(19) RU (11) 2144128 (13) CI 
(51) 7 E21B29/10 



RUSSIAN AGENCY FOR PATENTS AND TRADEMARKS 
(12) DESCRIPTION OF INVENTION 

pertaining to patent of the Russian Federation 

(14) publishing date: 2000.01.10 

(21) application registration No. 98111043/03 

(22) application filing date 1998.06.09 

(23) patent validity commencement date: 1998.06.09 
(46) invention claims publishing date: 2000.01.10 
(56) analogues of the invention: 

Ioganesyan K.V., Drilling engineer's companion. 

Book of references. - M . : Nedra publishers, 1986, p. 85, Figs. 
4.19. 

SU 432277 A, 01.09.75 
SU 467994 A, 19.04.75 
SU 905425 A, 15.02.82 
SU 1254137 Al, 30.08.86 
SU 1295799 Al , 09.02.95 
SU 1663179 A2, 15.07.91 
SU 1663180 Al, 15.07.91 
RU 2056201 CI, 20.03.96 
WO 90/05833, 31.05.90 

(71) ' Applicant: Otkrytoye aktsionernoye obtschestvo "Tatneft" 
Tatarskiy naouchno- issledovatel ' skiy i proyektnyi institut nefty 

(72) Inventors: Takha ' outdienov Sh. F. et al. 

(73) Applicant: Otkrytoye aktsionernoye obtschestvo "Tatneft" 
Tatarskiy naouchno- issledovatel ' skiy i proyektnyi institut nefty 

(98) Address for correspondence: 423200 Respublica Tatarstan, 
Bougoul'ma, ul . .M. Dzhalilya 32, TatNIPInef t', sector PLIIR 

(54) A PIPE EXPANDER 

The invention is intended for expanding the overlapping 
units of profiled pipes, positioned in wells, and improves 
reliability of operation of the claimed device. Essence of the 
invention: an expander comprises a housing having a central 
passage and recesses on the external surface, in which recesses, 
using the axles inclined with respect to the housing axis, 
mounted are rollers; the recesses being in the form of 
longitudinal cylindrical bores (grooves) implemented in the 
housing such that the most part of the rollers' side surface is 
encompassed by walls of the bores (grooves) , the rollers' axles 
at ones of their ends are rigidly and releasably -secured in the 
housing, their other ends being provided with shanks disposed in 
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the bores (grooves); the shanks' surfaces protruding from the 
bores (grooves), in conjunction with the non-bored (non-grooved) 
surface of the housing nipple-end, defining the common conical 
surface having a nipple thread thereon; a shank retainer being 
advantageously screwed onto the thread in the bores (grooves) in 
the form of a sleeve. 

Description of the Invention 

The invention relates to drilling and overhaul of wells, and 
in particular is intended for expanding the profiled pipe 
devices when they are positioned in wells. 

Known is a device for expanding the pipes in wells, 
comprising: a housing having a central channel and thread for 
coupling to the down-hole equipment. The housing consists of the 
interconnected cylindrical and conical portions, the latter 
having cylindrical grooves that accommodate rollers disposed 
with an inclination with respect to the housing axis [1] . 

Said device is not sufficiently serviceable due to a fast 
wear of the rollers and the grooves where the rollers are 
disposed, as a result of their mutual abrading during operation 
of the device. 

Further, arrangement of the grooves at the side, where the 
housing conical and cylindrical portions are coupled to one 
another, defines the strength-compromised cross-section that 
receives the strongest torque, which circumstance rules out the 
possibility of using the heavy-duty operational , modes of the 
device under increased loads required for expanding the thick- 
wall profiled pipes. 

The device (reamer) for expanding pipes in wells, comprising 
a housing having: a central channel, the coupling- and nipple- 
ends with threads for connection to the down-hole equipment, and 
also having a conical portion with recesses that accommodate 
rollers mounted on the axles inclined with respect to the 
housing axis and defining a gap between their surface and walls 
of the recesses, is the most proximate to the claimed invention 
in terms of the technical essence [2] . 



The basic drawback of said device is also a low strength of 
its housing due to the fact that the roller recesses - disposed 
radially from periphery to the housing center, with the radius 
greatly exceeding that of the rollers - weaken cross-section of 
its conical portion. 

Furthermore, in the event of break -down of axle of any of 
the rollers, the device fails, as it is seized in a well because 
an axle and roller fall out the housing. 

Another disadvantage of said known device is that the worn 
rollers cannot be replaced with the new ones, as their axles are 
secured in the housing in the unreleasable manner. 

The aforementioned drawbacks do not allow to use the known 
device for expanding the thick-wall pipes in a well, which 
expanding requires use of great axial loads and strong torque. 

The object of the invention consists in an improvement of 
reliability of the device by way of strengthening its housing, 
in prevention the working members from falling out of the 
housing in case of their break-down, and in provision of 
possibility of their replacement after they become worn. 

Said object is accomplished as follows: in the claimed pipe 
expander, comprising a housing having a central channel and the 
coupling- and nipple-ends with threads for connection to the 
down-hole equipment, and also having the wall recesses that 
accommodate rollers mounted on the axles inclined with respect 
to the housing- axis and defining a gap between their side 
surface and walls of the recesses, - according to the invention 
the roller- accommodating recesses have the form of longitudinal 
cylindrical bores (grooves) implemented in the housing such that 
the most part of the rollers' side surface is encompassed by 
walls of said bores (grooves), the rollers' axles at ones of 
their ends are releasably secured in the housing, their other 
ends being provided with shanks disposed in the cylindrical 
bores (grooves) and, in conjunction with the non-bored •< non- 
grooved) surface of the housing nipple-end, defining the common 
conical surface having a nipple thread thereon. 



7 

9 

Said distinctions allow to improve reliability of operation 
of the device, without a change in its minimal external diameter 
of a given size type, by 

- increasing the housing wall thickness at the most strength- 
compromised cross-section thereof, so as to enhance the 
housing strength; 

- preventing the axles and roller from falling out of the 
housing recesses in the event of their break-down, so as to 
exclude any failures due to such break-down; 

- providing the possibility of replacement of the rollers and 
axles when they become worn or broken. 

The other feature of the claimed device is the rigid coupling 
of the shanks to the rollers' axles. This feature allows to 
provide • additional strengthening of the device housing by 
-creasing thickness of its walls in the strength -compromised 
cross-sections by the sum of surface areas of the sections that 
cross the shanks, for in such arrangement of the device they 
integrally cooperate with the housing. 

The device is also advantageously provided with a retainer for 
the axle shanks in the bores (grooves) implemented, e.g., in the 
form of a sleeve, which sleeve is screwed onto the housing 
nipple-end and adapted to be coupled to the down-hole equipment 
Such arrangement increases rigidity of connection of the shanks 
to the device housing. 

Fig. i shows the claimed device mounted on a profiled expanded 
Pipe; Fig. 2 shows section A-A of Fig. 1# outside , well; Figg 
3 and 4 show sections B-B and B-B (respectively) of Fig i- a 
profiled pipe is shown in a casing string before and after 
expansion. 

The pipe expander (Fig. i) comprises housing l having central 
channel 2, the coupling- and nipple-ends 3 and 4 with respective 
threads 5 and 6 for coupling to the down-hole equipment; between 
the coupling- and nipple-ends 3 and 4 provided is a region 
having conical surface 7, the wall of which region and also . 
nipple-end 4 of housing i having recesses 8 in the form of 
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cylindrical longitudinal bores (grooves) (Figs. 1, 2) 
implemented from the cone apex side that defines conical surface 
7; a portion of their surface protruding beyond the housing wall. 
Said bores (grooves) accommodating shanks 10 and axles 11 that 
are rigidly interconnected and provided with conical rollers 12 
mounted thereon and defining gaps 13 between their side surface 
and walls of recesses 8. The other ends of axles 11 are rigidly 
and releasably secured in housing 1 using support sleeves 14 and 
pins 15; nipple- thread 6 is, provided on the surface defined by: 
the surface of nipple-end 4 of housing 1 that has not bores 
(grooves) 9 and the external surface of shanks 10 that extends 
beyond bores (grooves) 9. 

To provide better rigidity of connections of shanks 10 to 
housing 1, the device is fitted with a retainer of shanks 10 in 
bores (grooves) 9, which retainer is implemented in the form of 
sleeve 16 screwed onto nipple-end 4 of the housing and having 
another thread 17 for coupling the device to the down-hole 
equipment arranged below the device (not shown) . 

Operation of the device is exemplified by the operation of 
expanding the profiled pipes when they are used to insulate the 
tightness-loss zones of casing string 18 (Figs. 1, 3, 4) of a 
well. 

Profiled pipes 19 are run inside casing string 18 into the 
insulation interval, and expanded to press them against the 
casing string. 18 wall (Figs. 1, 2, 3) using the internal 
hydraulic pressure. Then, using thread 5 of the housing 1 
coupling-end 3, the device is coupled to. a drill-pipe string 
(not shown) and run into a well. When the device reaches the 
upper end of profiled pipes 19: rotation of the pipe string is 
started, simultaneously the axial load is created and the 
interior of pipes and devices are flushed via central channel 2 
of housing 1 by pumping 1 of a fluid. As a result, regions 20 
(Fig. 3) of profiled pipes 19, not completely pressed by 
pressure, are ultimately straightened to be tightly and 
sealingly pressed by entire surface of profiled pipes 19 against 
internal surface of casings 18 <Fig. 4) . 
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Upon completion of the expanding operation, a drill -pipe 
string with the device is pulled out of a well. 

The discussed above improvements in said device allow, using 
advantages of the roller-based expanders as compared with the 
cutter-based ones, to use the device for expanding the thick- 
wall profiled pipes that must withstand great loads. 

References 

l.USSR Inventor's Certificate No. 37130, E 21 B 29/00, 1973. 
2.Ioganesyan K.V., Drilling engineer's companion (Book or 
references). - Nedra publishers, 1986, p. 85, Figs. 4, 19. 

CLAIMS 

1. A device for expanding the pipes, comprising a housing 
having a central channel and the coupling- and nipple -ends 
with threads for connection to the down-hole equipment, and 
also having recesses that accommodate rollers mounted on the 
axles inclined with respect to the housing axis and defining a 
gap between their side surface and walls of the recesses; 
characterized in that the recesses for accommodating the 
rollers have the form of longitudinal cylindrical bores, or 
grooves implemented in the housing wall such that the most 
part of the roller side surface is encompassed by walls of 
said bores, or grooves; at ones of their ends the rollers' 
axles are releasably secured in the housing, and their other 
ends being provided with the shanks disposed in the 
cylindrical bores or grooves and, in conjunction with the non- 
bored, or non-grooved surface of the housing nipple-end, 
defining the common conical surface having a nipple thread 
thereon. 

2. The device as claimed in claim 1, characterized in that the 
shanks are rigidly coupled to the rollers' axles. 
3 . The device as claimed in claims 1 or 2 , characterized in 
that said device is provided with a retainer of the axle 
shanks in bores, or grooves, implemented in the form of a 
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sleeve screwed onto the housing nipple-end and adapted to be 
coupled to the down-hole equipment. 



THIS PAGE BLANK 



(USPTO) 



2144128 ' 

Full documents in russian 



dp. 1 m 1 




d9) RU (n) 21 441 28 (13) C1 

(51)7 E21B29/10 



RUSSIAN AGENCY 
FOR PATENTS AND TRADEMARKS 

(12) DESCRIPTIONS OF 
INVENTION 

To the patent of Russian Federation 



Status: operates {of 06.10.2004) 



(14) Document date: 2000.01.10 

(21) Application number: 98111043/03 

(22) Application filing date: 1998.06.09 
(24) Date of rights: 1998.06.09 

(46) Documents claims only available: 2000.01.10 
(71) Applicant information: Otkrytoe aktsionernoe 
obshchestvo "Tatneft"* Tatarskij nauchno- 
issledovatel'skij i proektnyj institut nefti 

(54) GEAR FOR EXPANDING OF PIPES 



(72) Inventor information: Takhautdinov Sh.F.; 
Giljazetdinov Z.F.; Jusupov I.G.; Abdrakhmanov 
G.S.; Meling K.V.; Khamit'janov N.Kh. 

(73) Grantee (asignee) information: Otkrytoe 
aktsionernoe obshchestvo "Tatneft"* Tatarskij 
nauchno-issledovatel'skij i proektnyj institut 
nefti 

(98) Mail address: 423200, Respublika Tatarstan, 
Bugurma, ul.M.Dzhalilja 32, TatNIPIneft', sektor 
PLIIR 



FIELD: drilling of holes; invention is designed for expanding of overlapping units made of profile pipes installed in hole. 
SUBSTANCE: proposed gear has body with central passage and recesses in outer surface where rollers are installed 
with the use of axles inclined with reference to axis of body. Recesses are so made in the form of longitudinal cylindrical 
grooves in body that larger part of side surface of rollers is enveloped by walls of grooves and axles of rollers are 
anchored fast and releasably in body with one ends and their other ends are provided with tail parts located in grooves. 
Surfaces of tail parts protruding from grooves form together with surface of nipple end of body untouched by grooves 
common conical surface that has nipple thread. It is advantageous to screw fixing rod in the form of bushing on to thread 
in recesses. EFFECT: increased operational reliability of gear. 3 cl, 3 dwg 
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H3o6peTeHMe npeflHasHaMeHO a™ pa3BanbuoBKM nepeKpbiBaTenew w3 npotfcMJibHbix Tpy6, ycraHaBJiMBaewibix b 
CKBaxMHax, o6ecneMMBaeT noBbitueHne h3A€}khoctm b pa6oTe ycrpoficTBa. CyiuHocrb M3o6peT€HMn: ycrpoMCTBo 
coAepmMT Kopnyc c neHrpaJibHbiM KaHanoM m ymy6JieHM*MM Ha Hapy>KHOM noBepxHocTM, b KOTopbix c noMoinwo 
HaxnoHHbix no OTHOUjeHMK) k ocm Kopnyca ocax ycraHOBneHbi pojimkm, npw 3tom ymy6/ieHM* BbinonHeHbi b Bn^e 
npoAonbHbix MM/iMHAPMHecKMX cBepxieHidM (KaHaBOK) b Kopnyce TaK, hto 6o/ibwa* sacTb6oKOBOM noBepxHocTM pojimkob 
oxBaneHa creHKawiM cbcpjibhmm (KaHaBOK), a ocm pojimkob oahmmm kohli3mm rcecrKO m pasbeMHO 3aicpenneHbi b Kopnyce, 
a APyrwe mx kohuw CHa6weHbi xBocTOBUKawiM, pa3MemeHHbiMM b CBepjieHMax (KaHaBKax); KpoMe -roro, Bbicrynaioinwe M3 1 
CBep/ieHMPi (KaHaBOK) noBepxHocrro xboctobmkob o6pa3yioT c He 3aTpoHyroM cBepjieHM*MM (KaHaBKaMM) noBepxHocrbio 
HMnnenbHoro kohmb Kopnyca o6ii4y»o KOHMMecKyio noBepxHOCTb, Ha KOTopofi BbinojiHeHa HMnnenbHan pe3b6a; 
ue/iecoo6pa3HO Ha pesb6y HaBMHHMBaTb #MKcaTop xboctobmkob b CBepneHMflx (KaHaBKax) b bmab BTyjiKM. 1 c. 2 3 n <b- 

Jlbl, 4 MJ1. 



OnMCAHME M305PETEHM* 



M3o6peTeHMe othocmtca k 6ypeHMK> m KanMTa/ibHOMy pewiOHTy ckbbxmh m npeAHa3HaseHo, b MacrHocTM, nm 

pa3Banbl40BblB3HM« yCTpOMCTB M3 npOCjJMJlbHblX Tpy6 npM MX yCTaHOBKe B CKB3>KMHaX. 

M3BecTHO ycrpoMCTBO aji* pa3Ban buoBKM Tpy6 B CKBaxuHax, BigiWHaiomee Kopnyc c ijeHTparibHbiM KaHajiowi m pe3b6oM 
Aflfl coeAMHeHMn co CKBawMHHbiM o6opyAOBaHMeM. ripw 3tom Kopnyc COCTOMT M3 COeAMHeHHblX Me)KAy co6om 

MMJIMHApMHeCKOM M KOHMMeCKOM MaCTeft, B nOCJieAHefi M3 KOTOpblX BbtnOJIHeHbl MMJIMHAPMHeCKMe K3H3BKW C 

pa3Meu)eHHbiMM b hmx HawiOHHO OTHOCMTe Ji b h o ocm Kopnyca ponMKaMM [1J. 

3to ycrpoMCTBO HeAocrraTOHHO pa6oTocnoco6no M3-3a 6bicrrporo M3Hoca noBepxHocreM po/imkob m KaHaBOK, e Koropbix 
ohm pa3Meu4eHbi, BcneACTBMe mx B3anMHoro MCTMpaHMn npM pa6oTe ycrpoftcrBa. 

KpoMe Toro, BwnonHeHMe KaHaBOK co CToponw coeAMHeHMp kohmmbckom nacTM Kopnyca c mmjimhapmmbckom o6pasyeT^ 
HeM onacHoe ctomkm 3peHM« ero npoMHOCTM-ceMeHMe, KOTopoe BocnpuHMMaer HaM^onbiuMM KpymuiMM momght mto 
MCicnioMaeT npMMeneHMe pe?KMMOB pa6oTbi ycrpoftcTBa c noBbiujeHHbiMM Harpy 3Ka mm, hgo6xoamm mm m npM 
paasaJibuoBbiBaHMM ToncrocreHHbix npo4>MJibHbix Tpy6. 
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Haw6onee SnmmM k w3o6peTeHMK) no TexmmecKOM cyi^HOcru HEnfleTca ycTpowcrBO Arm pa3BaribuOBKH Tpy€) e 
CKBa>KMHax (Kann6paTop), coAepwamee Kopnyc c ueHTpanbHbw KaHanoM, wiy$TOBbiM m Hwnne/ibHbiM KOHLtawiM c 
' peab6aMM Ana coeAMHeHMR co CKBawwHHbiM o6opyAOB3HweM m v\Me\omm KOHwnecKyK) nacrb c yrny6/ieHn«M, b KOTopbix 
pa3MeLqeHbi po/iHKH, ycTaHOB/ieHHbie Ha HaK/ioHHbix no oTHOweHWK) k ocm Kopnyca ocax c 3a3opoM wie>KAy mx 
noBepxHOCTbK) m CTeHKaMM yrny6/ieHMw [2]. 

OcHOBHbiwi HeflOdaTKOM 3Toro ycrpoPiCTBa HB/iaeTca Tawe HM3Kaa nposHOCTb ero Kopnyca BCJieflCTBwe ocna6neHMH 
nonepeHHoro ceHeHM* ero KOHimecKOM Mac™ yrny6jieHnnMii noA ponnKn, BbinonneHHbiMM b paAManbHOM HanpaB/veHMM 
ot nepwcfrepMM k qeHTpy Kopnyca, paAwycoM, h3mhofo npeBbiwaiOLijMM paAMyc pojimkob. 

Kpowie Toro, b cnyMae nonowiKM ocm Kai<oro-/in6o M3 pojimkob B03HMKaeT aBapMMHaa cwTyaqHfl. cBA3aHHaa c 
3aKnnHHBaHneM ycrrpowcTBa b CKBawHHe BcneACTBwe BbinafleHnji ocm m po/iMKa M3 Kopnyca. 

Euje oahmm HeAocrraTKOM M3BecTHoro ycTpowcTBa flBnneTcn to, mto b cnyMae M3noca ponMKOB mx Henb3n 3aiweHMTb 
HOBbiMn, nocKoxibKy mx ocm 33KpenneHbi b Kopnyce Hepa3"beMH0. 

YKa3aHHbie HeAOcraTKM He no3Bon*ioT Mcnoxib30BaTb w3BecTHoe ycrpoMCTBO Ana pa3BanbMOBbiBaHMH ToncTocreHHbix 
npocjDMJibHbix Tpy6 b cKBawMHax, npM kotopom Heo6xoAMMo npMMeHeHMe 6onbiuMX oceBbix Harpy30K m KpyTHUjero 
MOMem-a. 

Lte/ib M3o6peTeHMn - noBbiiueHMe HaAe>KHOCTM ycrpoMCTBa 3a CMeT yBenMMeHMH npoMHocTM ero Kopnyca, 
npeAOTBpaujeHMfl BbinaAeHMn pa6oMMX sneweHTOB M3 Kopnyca b cnyMae mx nonoMKM m o6ecneMeHMH bo3mo>khoctm mx 
3aMeHbi nocne M3HOca. 

3to AOCTMraeTCfl Teiw, mto b onMCbisaeMOM ycrpoMCTBe Aria pasBanbuoBKM Tpy6, coAepwaujeM Kopnyc c qeHTpanbHbiM 
KaHanoM, MycjDTOBbiM m HMnneribHbiM kohl43mm c pe3b6aMM Ana coeAMneHMH co ckb3>km h h bi m o6opyAOBaHMeM m 
yrny6/ieHMflMM b creHKe, b KOTopbix pa3MemeHbi pojiukm, ycraHOBneHHbie Ha HatcnoHHbix no OTHOiueHMio k ocm Kopnyca 
ocnx c 3a3opawiM Me>KAy mx 6okobom noBepxHocrbio m creHKawiM yrny6neHMM, cornacHo M3o6peTeHMK), yrny6neHMH aji« 
pa3MeujeHMfl pojimkob Bbino/iHeHbi b bmab npoAonbHbix qMiiMHAPMMecKMx CBepneHMM (KaHaBOK) b creHKe Kopnyca Tan, 
mto 6onbtuan nacrrb 6okobom noBepxHocTM pojimkob oxBaMeHa creHKaMM 3Tmx CBepneHMM (KaHaBOK), a ocm ponuKOB 
oahmmm cbommm KOHLjdMM pa3"beMHO 3aKpenneHbi b Kopnyce, a APyrMe mx kohmw CHaSweHbi XBocroBMKaMM, 

paSMeilieHHblMM B UMJIMHApMSeCKMX CBepjieHMflX (KaHaBKBX) M 06p33yKHHMMM C He 33TpOHyTOM MMM nOBepXHOCTbK) 

HMnne^bHoro KOHqa Kopnyca o6my»o KOHMMecKyto noBepxHOCTb, Ha kotopom BbinonHeHa HMnnenbHan pe3b5a. 

YKa3aHHbie OT/lMMM« n03BOJlflK)T nOBblCMTb H3Ae>KHOCTb pa60Tbl yCTpOMCTBa 6e3 M3MeHeHMfl erO MMHMMa/lbHOrO 

Hapy>KHoro A^aweTpa a™ Aannoro TMnopa3wiepa 3a cneT: 

- yeenMHeHMfl to/iuhmhw ctchkm Kopnyca b HaM6o/iee onacHOM ceneHMM ero, 6/iaroAapji MeMy noBbnuaeTcn npoMHOCTb 
Kopnyca; 

- npeAOTBpauieHM* BbinaAeHMn oceM m pojimkob m3 ymy6/ieHMM Kopnyca 8 cnyMae mx ho/iomkm, 6naroAapn MeMy 
MCKnKwaioTCfl aBapMM, CBH3aHHbie c stmm; 

- o6ecneMeHM« bo3mo>khoctm 3aMeHbi pojimkob m ocew b cnyMae mx M3HOca mjim rojiomkm. 

flpyrMM oTJiMMMeM onMCbiBaeMoro ycrpoMCTBa ABJineTcn to, mto xboctobmkm coeflMHeHbi c ocamm pojimkob >k6Ctko. 

3to no3BOJinet AononHMTejibHO ynpoMHMTb Kopnyc ycrpoficrBa 3a CMeT yBenMMeHMn TOJiuiMHwero creHOK b onacHwx 
ceMeHMPX Ha cyiwiwiy njiomaAeM nonepeMHbix ceMeHMM c XBocroBMKaMM, t.k. npM TdKOM McnojineHMM ycrpoMCTBa ohm 
pa6oTatoT c KopnycoM iok oaho uejioe. 

L|eJiecoo6pa3HO TaioKe t MTo6bi ycrpoMCTBO 6buio cHa6>KeHo 4>^KcaTopoM xboctobmkob oceM BCBepjieHMnx<KaHaBicax), 
Bbino/iHSHHbiM, HanpMMep, b BMAe BTyjiKM, HaBMHHeHHOM Ha HMnnejibHbiM KOHeq Kopnyca m npMcnoco6neHHOM Ann 
coeAMHeHMn co CKBa>KMHHbiM o6opyAOB3HMeM. 

3to noBbiiuaeT >KecTKOCTb coeAMHeHM^ xboctobmkob c KopnycoM ycrpoMCTBa. 

Ha 4)Mr. 1 noKasaHO ycTpoMCTBo, ycrraHOBJieHHoe c npoc^MJibHOM paseajibqoBbiBaeMOM Tpy5e; Ha <jpnr. 2 - ceseHMe A-A 
Ha c|)Mr. 1 ycrpoMCTBa BHe cKBa>KMHbi; Ha 0Mr. 3 m 4 - ceMeHne B-6 m 8-B (cooTBeTCTBeHHo) Ha <pw. 1, rfle M306pa>«eH0 
nojiOTKeHMe npoc^mibHOM Tpy6bi b o6caAHOM KonoHHe ao m nocne pa3Banbt40BbiBaHM^. 

ycrpoMcreo pasBanbuoBKM Tpy6 (cf)Mr. 1) coAep>KMT Kopnyc 1 c ueHTpanbHbiM KaHanoM 2, My<trroBbiwi 3 m 
HMnnenbHbiM 4 KOHuaMM c pe3b6aiwiM 5 m 6 co otb eTCTB e h ho AnncoeAMHeHMq co CKBa)KMHHHM 06opyAOBaHMeM, Mex^y 
My4>T0BbiM 3 m HMnneJibHbJM 4 KOHqaMM MMeeTcn ynacroK c KOHMMecKOM noBepxHOCTbw 7, b creHKe KOToporo, a TaiOKe b 
HMnnenbHOM Konqe 4 Kopnyca 1 BbinonHeHbi ymy6neHM» 8 b BMAe UMnMHAPMMeacMx npoAonbHbixoBepneHMM (icaHaeoK) 
t4>Mr. 1, 2), npoM3B8AeHHbix co cropoHW BepujMHbi KOHyca, <56pa3yiomero KOHMMecicyio noeepxHocrb 7, c bwxoaom m3ctm 
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ux noBepxHOCTM 3a ripeae/ibi ctghkh Kopnyca. B yKaaaHHbix CBepnemiax (KaHaBKax) paswiemeHbi >KecTKo coeflUHeHHbie 

M€>KAy C060M XBOCTOBMKM 10 H OCM 11 C yCTaHOBfieHHblMM H3 HMX KOHMMeCKHMM pOJlMKaMM 12 C 3a30p3MM 13 Me*Ay MX 

60K0B0M noBepxHocTbio n CT6HK3MM ymy6neHMft 8. n P M 3tom Apyme KOH M bi ocew 11 >KecTKo m pastewHo saKpenneHbi b 
Kopnyce 1 c noMoajbK) onopHbix BTynoK 14 m lutmc^tob 15, a HMnnejibHaa pe3b6a 6 BbinoriHeHa Ha noBepxHOCTM 
o6pa30B3HHOM He 33TpoHyTOw CBepneHMSMn (KaHaBKaMn) 9 noBepxHocTbK) Hunne/ibHoro KOHqa 4 Kopnyca 1 m Hapy*HOM 
noBepxHOCTbK) xboctobmkob 10, BbicTynatouieM sa npeflejibi CBepneHMM (KaHaBOK) 9. 

fln* oSecneHeHMR 6onbiueM rcecTKocTK coewnenm xboctobmkob 10 c KopnycoM 1 ydpoMCTBO CHa6*eHO cbMKcaTopow 

XBOCTOBMKOB 10 B CBep/ieHMflX (K3H3BK3X) 9, BbinOJlHeHHblM B BMfle BTynKM 16, H3BMHHeHH0M H3 HMnne/lbHblM KOH6M4 

Kopnyca u MMewmeM flpyryw pe3b6y 17 nnx coeAMHeHM* ycrpoMCTBa co CKBa>KMHHbiM o6opyAOBaH*eM 
pacnono>KeHHbiM HM>Ke ero (He noKasano). 

Pa6oTa ycrpoMCTBa no*CH*eTca Ha npuiuepe psaBSJibqoBKM npocfcMJibHbix Tpy6 npM msojiwmmm mmm 30hw HspyweHMa 

repMeTMHHOCTM 06C3AH0M KOJIOHHbl 18 (4>Mr. 1 , 3, 4) CKB3)KMHbl. 

npo^M/ibHbie Tpy6bi 19 cnycKawT BHyT P b o6caAHOM kojiohhu 18, b MHTepBan msojipmmm m pacuMpnioT ao hpmkstm* mx 
creHOK k cTeHKe o6caAHO^ KonoHHbi 18 (*mf. 1,2,3) cosAaHMew BHyrpeHHero TMApaBJiM^ecKoro ABBnenm 3aTeM c 
noMOuibK) pe3b6bi 5 MycJjTOBoro KOHqa 3 Kopnyca 1 ycTpoftcTBO npMcoeAMHnioT k KonoHHe 6ypMjibHbix Tpy6 (He 
nonasaHa) m cnyoowT b CKB3>KMHy. no aoctm^hmm ycrpoMCTBOM BepxHero kohlo npo*M/ibHbix Tpy6 19 KonoHHy T py6 
HaMMHawT BpaujaTb npM OAHOBpeMeHHowi cosAaHMM oceBOM Hsrpysw m npoMbiBKM nonocTM Tpy6 m ycrpoiiCTBa nepes 
qeHTparibHbiM KaHSJi 2 Kopnyca 1 aaKaMKOM 1 nmakoctm. B pesyjibTaTe 3Toro HeAO*aTbie AaBJieHMewi ynacTKM 20 t*Mr 
3) npocJwjibHbix Tpy6 19 BbinpaB/iaKrrc* ao njioTHoro m repwieTMHHoro npMrcaTM* BceCi HspywHOM noBepxHOCTM 
npo4)MJibHbix Tpy6 19 k BHyTpeHHeti nosepxHOCTM o6caAHbix Tpy6 18 (<pnr. 4). 

no 0K0HH3HMM p33B3JlbqOBblB3HMfl KOJIOHHy 6ypM/lbHblX Tpy6 C yCTpOMCTBOM nOAHMMa»OT M3 CKB3>KMHbl. 

OnwcaHHbie ycoBepweHCTBOBaHMfl ycrpoMCTBa nosBOJisioT, Mcnojibsyn npeMMymecrBa po/iMKOBbix pasBajibueBaTejie* 
no cpaBHeHMio c wapoiueHHbiMM, npMMeHATb ero aji* p33B3JibM0BbiBaHM* ToncTOcreHHbix npoxbMJibHbix tpv6 rne 
Heo6xoAMMo BbiAep>KMBaTb 6onbUJMe Harpy3KM. ' 
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OOPMYJ1A M30BPETEHMA 

1. ycrrpoftcTBO w* pa3Banb M oBKM Tpy6, BKnwHawmee Kopnyc c MeHTpanbHbiM KaHajiowi, My4>TOBWM m HMnnejibHWM 
KOHM3MM C pe3b63MM A™ COeAMHeHMfl CO CKB3)KMHHblM o6opyA0B3HMeM M yrjiy6jieHM«MM B CTeHKe B kotopwx 
pasMemeHbi pojimkm, ycraHOBjieHHbie Ha HaioiOHHbix no OTHoiueHMK) k ocm Kopnyca ocax c aaaopowi iwie^y iix 6okobom 
noBepxHOCTbK) m creHKaMM yrjiy6neHMM, OT/iMMawmeecfl Teivi, hto ymy6jieHM« Ann paawiemeHMn dojimkob ewno/iHeHbi b 
BMAe npoAO/ibHbix MM/iMHApMMecKMx XBepneHM* mjim KaHaBOK b CTeHKe Kopnyca TaK, mto 6onbiiiafl Mactb 6okobo« 

nOBepXHOCTM po/»MKOB OXB3HeHa CTeHKaMM 3TMX CBepjieHMM W1M KaHaBOK, a OCM POJ1MKOB OAHMMM CBOMMM KOHM3MM 

pa3teMH0 saKpenneHbi b Kopnyce, a APyme mx kohmw cHa6>KeHbi xboctobmksmm, pasMemeHHbiMM b MM/iMHApMMecKMX 
cBepneHMflx mjim KaHaBKax m o6pa3y»oi4MMM c He aaTponyTOM mmm noBepxHOCTbK) HMnne/ibHoro KOHqa Kopnyca o6uiyio 
KOHMnecKyio noBepxHocrb, Ha kotopom BbinoriHeHa HMnne/ibHan pe3b6a. 

2. ycrpowcTBO no n. 1 , oTnwnaiomeecfl TeM, hto xboctobmkm coeAMHeHbi c ocamm po^mkob )KecrKo. 

3. ycrpoftcTBo no n.1 mjim 2, OT/iMnaiomeecfl Tewi, mto oho cna6>KeHo *MKcaTopoM xboctobmkob oceM b cBepneHMflx mjim 
KaHaBKax, BbinonHeHHbiwi b BMAe btyjikm, HaBMHMeHHoft Ha HMnnejibHbift KOHeq Kopnyca m npMcnoco6neHHOM nm 

COeAMHeHMfl CO CKB3)KMHHblM o6opyAOBaHMeM. 

PMCyHKM 

PMCyHQK 1, PMCyHOK 2, PMCyHOK 3, PMCyHOK 4 
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